ABSTRACT: Within the mammary gland, functional synthesis of milk is performed by its epithelial (alveolar) cells. The availability of a stable mammary epithelial cell line is essential for biochemical studies to elucidate cellular and molecular mechanisms responsible for nutritional regulation of lactation. Therefore, porcine mammary epithelial cells (PMEC) were isolated from mammary glands of a 9-mo-old nonpregnant and nonlactating gilt and cultured to establish a nonimmortalized cell line. These cells were characterized by expression of cytokeratin-18 (an intermediate filament specific for epithelial cells), β-casein (a specific marker for mammary epithelial cells), and α-lactalbumin. In culture, the PMEC doubled in number every 24 h and maintained a cobblestone morphology, typical for cultured epithelial cells, for at least 15 passages. Addition of 0.2 to 2 μg/mL prolactin to culture medium for 3 d induced the production of β-casein and α-lactalbumin by PMEC in a dose-dependent manner. Thus, we have successfully developed a useful PMEC line for future studies of cellular and molecular regulation of milk synthesis by mammary epithelial cells of the sow.
INTRODUCTION
Mammary epithelial cells (MEC), also called alveolar cells, synthesize and secret milk proteins, lipids, and lactose (Manjarin et al., 2012) . These cells express cytokeratin-18 (an intermediate filament specific for epithelial cells) while uniquely producing β-casein (Bartek et al., 1985; Parry et al., 1987) . In response to prolactin, MEC undergo coordinated changes in proliferation and differentiation during gestation and lactation (Malewski et. al., 2002) . Therefore, this hormone plays an important role in initiating and maintaining lactogenesis in mammals.
We reported that dietary supplementation with larginine enhances milk production by lactating sows (Mateo et al., 2008) . The availability of a stable cell line of porcine MEC (PMEC) is extremely helpful for biochemical studies to elucidate the underlying mechanisms whereby nutrients and hormones stimulate milk synthesis by the mammary gland of pigs. At present, immortal MEC lines, such as bovine MAC-T (Appuhamy et al., 2012; Huynh et al., 1991) , mouse HC11 (Ball et al., 1988) , and human MEC lines (Stampfer et al., 1981) , are commercially available. However, there are species differences in MEC metabolism (Shennan and Peaker, 2000) , particularly among the currently available MEC lines (Hernandez et al., 2009; Lei et al., 2012) . Therefore, it is highly desirable to develop a stable PMEC line to investigate cellular and molecular mechanisms responsible for nutritional and hormonal regulation of milk synthesis by sows.
Technical note: Isolation and characterization of porcine mammary epithelial cells 1,2 MATERIALS AND METHODS

Reagents
The RNA extraction reagent TRIzol, Thermo-SCRIPT RT-PCR System, and CNBr Sepharose 4B were procured from Invitrogen Life Technologies (Carlsbad, CA). The IRDye 800-conjugated secondary antibody against rabbit IgG was purchased from LI-COR Bioscience (Lincoln, NE). Dulbecco's modified Eagle Ham/F12 medium (DMEM/F12), antibiotic solution (penicillin-G, streptomycin, and neomycin [PSN; 100x] ), PBS, fetal bovine serum (FBS; charcoal striped), insulin solution (from bovine pancreas), triiodothyronine, transferrin, dexamethasone, and other chemicals were obtained from Sigma-Aldrich (St. Louis, MO). The 100x PSN contained 10,000 units penicillin-G, 10 mg streptomycin, and 20 mg neomycin per milliliter.
Isolation of Porcine Mammary Epithelial Cells
This experiment was approved by the Institutional Agricultural Animal Care and Use Committee of Texas A&M University. Porcine mammary gland tissue was obtained from a 9-mo-old nonpregnant and nonlactating gilt (F1 cross of Yorkshire × Landrace sow and Duroc × Hampshire boar) maintained at Texas A&M University's Swine Center (College Station, TX). The nonlactating gilt was used because we found in our preliminary work that PMEC isolated from mammary glands of lactating sows did not survive after 2 passages in culture. The gilt had free access to drinking water and was fed a corn-and soybean meal-based diet (2 × 1.5 kg/d), as previously described (Li et al., 2010) .
On the day of collecting mammary glands, the gilt was placed in a restraining crate and administered an intramuscular dose of Telazol (2 mg/kg BW; Zoetis Inc., Kalamazoo, MI) to induce anesthesia, and the field of its 2 mammary glands (mid teats) was cleaned sequentially with warm water, Betadine (Purdue Products L.P., Stamford, CT), and 70% alcohol. After euthanasia with an intravenous administration of overdose pentobarbital (120 mg/kg BW), 2 mammary glands were obtained with scissors, placed in ice-cold sterile PBS (SigmaAldrich) containing 50 μg/mL gentamicin and 1x PSN, and immediately used for isolation of PMEC. All procedures for PMEC isolation were performed at 25°C in a sterile environment. Specifically, 2 mammary gland samples were disinfected with 75% ethanol and then washed thoroughly with PBS containing 50 μg/mL gentamicin and 1x PSN. The tissues were cut into 1 to 2 cm 3 pieces, and all of the tissue pieces were pooled into 1 sterile 50-mL Falcon centrifuge tube (Fisher Scientific, Houston, TX) and minced into 5-mm cubes using surgical scissors. Thereafter, 40 mL DMEM/F12 digestion medium with 5% FBS, 1 mg/mL collagenase A (catalog number C9407; Sigma-Aldrich), 0.05% hyaluronidase (catalog number H3506; Sigma-Aldrich), 50 μg/mL gentamicin, and 1x PSN (Sigma-Aldrich) was added to the tube. The tissue pieces were dissociated by gentle agitation at 37°C for 12 h. After passing the solution through a 70 to 100 μm filter (catalog number 352360; BD Biosciences, San Jose, CA) into a 50-mL conical tube and washing the filter with 10 mL buffer, the combined effluent (containing mainly PMEC and a small amount of fibroblasts) was collected. The solution was centrifuged at 800 × g for 3 min at 25°C. After the supernatant fluid was removed, the cell pellet was washed 3 times with PBS containing 1x PSN. At the above filtration step, the materials remaining on the filter that contained debris, undigested tissue, and organoids were discarded.
Porcine Mammary Epithelial Cell Culture, Cell Passage, and Cryopreservation
The isolated PMEC were cultured in DMEM/F12 containing 10% FBS, 5 μg/mL insulin, 1 μg/mL hydrocortisone, 5 ng/mL epidermal growth factor (EGF), 50 μg/mL gentamicin, and 1x PSN. Approximately 1 × 10 6 cells were seeded and cultured in 6-well cell culture plates at 37°C in a humidified atmosphere containing 5% CO 2 . The culture plates were not coated with any protein or treated in any manner. The medium was changed every 24 h. When cells reached 90% confluence, they were washed with 1x PBS after the culture medium was removed. The cells were then trypsinized with 1x trypsin (a 0.25% trypsin solution with 1 mM EDTA) and split 1:4 or 1:5 for passaging.
The protocol used for the isolation and culture of PMEC was based on that for obtaining MEC from rodents (Qu et al., 2010) . We used gentamicin (50 μg/mL) in the tissue digestion medium and the initial medium for the culture of PMEC freshly isolated from the porcine mammary gland, because gentamicin is known to induce apoptosis (programmed cell death) of fibroblasts (Servais et al., 2005) but MEC are highly resistant to this substance (Murtagh et al., 2004) . This method helped to get rid of fibroblasts from the PMEC preparation.
For cryopreservation, 1 × 10 6 cells were resuspended in 1 mL of a sterile solution (90% FBS and 10% dimethyl sulfoxide [DMSO] ) and 1 mL of this solution was transferred to a screw-top cryovial (Ma et al., 2015) . The cryovials were placed in a freezing chamber, filled with isopropanol (catalog number 270490; Sigma-Aldrich), and stored at -80°C for 16 h. The cryovials were then immediately transferred to a liquid-nitrogen chamber for long-term storage.
Growth of Porcine Mammary Epithelial Cells
Approximately 1 × 10 4 PMEC were seeded and cultured in DMEM/F12 growth medium, as previously described. At 24, 48, 72, 96 , and 120 h of the culture, cell numbers were determined using 3-(4,5-dimethythiazol-2-yl)-2,5-diphenyl tetrazolium bromide (catalog number CGD1-1KT; Sigma-Aldrich), as we previously described (Meininger and Wu, 2002) .
To determine effects of cryopreservation on cell growth, PMEC were thawed after they were cryopreserved at passages 3 or 15. The thawing procedures were the same as we previously described for endothelial cells (Wu and Meininger, 1993) and enterocytes (Haynes et al., 2009) . Briefly, 1 cryovial (containing the frozen PMEC) was removed from a liquid nitrogen tank and immediately placed in a 37°C water bath. After the cryovial was gently swirled for 45 sec, it was placed in a laminar flow hood, with the outside of the cryovial being wiped with 70% ethanol. The thawed cell solution was transferred to a 15-mL centrifuge tube, to which 10 mL of complete DMEM/F12 medium (at 25°C) was slowly added. The centrifuge tube was centrifuged at 200 × g for 5 min at 25°C. Inside the laminar flow hood, the supernatant fluid was aseptically aspirated off, and the cell pellet was gently resuspended in 10 mL DMEM/F12 medium in preparation for cell culture. The growth of thawed PMEC was determined as previously described.
Differentiation of Porcine Mammary Epithelial Cells by Prolactin
To determine effects of prolactin on cell morphology, PMEC (5 × 10 4 cells) were seeded on a Lab-Tek II chamber slide (catalog number 154526; Nalge Nunc International, Rochester, NY) containing 1 mL DMEM/ F12 containing 10% charcoal-stripped FBS, 10 μg/mL gentamycin, 0.5 μg/mL insulin, and 1 μg/mL hydrocortisone. Cells were cultured at 37°C. When the cells reached 50% confluence, they were cultured at 37°C in DMEM/F12 containing 10% charcoal-stripped FBS, 10 μg/mL gentamycin, 0.5 μg/mL insulin, 1 μg/mL hydrocortisone, and 0 to 2 μg/mL prolactin. No EGF was included in the culture medium. The concentrations of prolactin in the culture medium were chosen on the basis of previous studies with mouse MEC (Edwards et al., 1998) . The medium was changed every 24 h. The process of differentiation was performed over a period of 3 d.
Oil Red-O Staining of Prolactin-Induced Differentiation of Porcine Mammary Epithelial Cells
Differentiation of PMEC was induced as described previously and confirmed by Oil Red-O staining of lipid droplets. Cells were rinsed in PBS before fixing with 2% paraformaldehyde (containing 0.02% glutaraldehyde; catalog number 158127; Sigma-Aldrich) for 10 min and were then incubated in propylene glycol for 5 min. Five minutes after staining with 0.3% Oil Red-O solution (catalog number O-0625; Sigma-Aldrich), cells were washed sequentially with 85% propylene glycol and distilled water. The images were observed and captured using a phase contrast microscope (model IX81; Olympus Microscope, Hicksville, NY).
Detection of β-Casein mRNA
Total cellular RNA was extracted from porcine milk or PMEC using Trizol according to the manufacturer's protocol (Invitrogen Life Technologies). The isolated RNA was reverse transcribed using the ThermoScript RT system (catalog number 11146-016; Invitrogen Life Technologies) for reverse-transcription real-time PCR, according to the manufacture's protocol. Primers of porcine β-casein (GenBank accession number X54974) were forward 5′-TAGCCCATCCTTACACCGAG-3′ and reverse 5′-TAGCCCATCCTTACACCGAG-3′. Primers of the porcine β-actin were forward 5′-TCCACCGCAAATGCTTCTAG-3′ and reverse 5′-TGCTGTCACCTTCACCGTTC-3′. The amplification of the 2 genes required 30 cycles of the PCR. Each cycle was set as follows: 30 s denaturation at 94°C, 45 s annealing at 58°C, and 45 s extension at 72°C. Polymerase chain reaction products were separated by 1.5% agarose gel electrophoresis and visualized after ethidium bromide staining (Ma et al., 2015) .
Detection of β-Casein Protein Released by Porcine Mammary Epithelial Cells
The abundance of β-casein in the conditioned PMEC culture medium was determined by western blot analysis using an anti-β-casein monoclonal antibody (catalog number sc-30042; Santa Cruz Biotechnology, Santa Cruz, CA), as we described for other proteins (Ma et al., 2015) . Briefly, PMEC were cultured for 3 d in the presence or absence of prolactin as previously described. Cells were pelleted and lysed in cold lysis buffer using published methods (Lei et al., 2012) .
Total protein (5 to 40 μg) was separated by 12% SDS-PAGE and transferred to a nitrocellulose membrane (Bio-Rad, Hercules, CA). The membrane was blotted with 3% BSA in Tris-Tween buffered saline (TTBS; 20 mM Tris/150 mM NaCl, pH 7.5, and 0.1% Tween-20) for 2 h and then incubated with a primary antibody (1:1,000 dilution) against β-casein (catalog number sc-30042; Santa Cruz Biotechnology) or β-tubulin (catalog number 2128; Cell Signaling Technology, Boston, MA) overnight at 4°C. Thereafter, the membrane was washed 3 times with 1x TTBS. The membranes were incubated at 25°C for 2 h with a goat anti-rabbit secondary immunoglobulin (catalog number 7074S; Cell Signaling Technology) at 1:5,000 dilution. Finally, the membranes were washed 3 times with TTBS, followed by exposure to the Super Signal West Dura Extended Duration Substrate according to the manufacturer's instructions (Pierce, Rockford, IL).
Detection of α-Lactalbumin Protein Released by Porcine Mammary Epithelial Cells
Western blot analysis of α-lactalbumin in the conditioned PMEC culture medium was performed as previously described for β-casein, except that primary antibodies (1:10,000 dilution) against α-lactalbumin (catalog number A10-128P; Bethyl Laboratories, Montgomery, TX) and glyceraldehyde 3-phosphate dehydrogenase (GAPDH; catalog number 2118; Cell Signaling Technology) were used.
Immunofluorescence Staining of
β-Casein Cytokeratin and Vimentin
The PMEC were treated with or without prolactin for 3 d, as previously described. . The mouse IgG monoclonal antibody (catalog number I-5381; Sigma-Aldrich) was used as the negative control. Slides were washed 3 times in 0.3% Tween-20/PBS and then incubated with the goat antimouse IgG secondary immunoglobulin (catalog number A-11032; Invitrogen Life Technologies) for 2 h at 25°C. Thereafter, each slide was washed 3 times for 10 min each with 0.3% Tween-20/PBS, followed by rinsing with water. Slides were overlaid with the Prolong Gold Anti-fade/DAPI mounting reagent (catalog number P36935; Molecular Probes, Eugene, OR), covered with a thin glass, and incubated at 37°C for 1 h. Images were acquired using the Stallion Digital Imaging workstation at Texas A&M University (College Station, TX).
Western Blot Analysis of Vimentin in Porcine Mammary Tissue
To show that the antibody against vimentin worked for porcine cells, we performed western blot analysis of vimentin in porcine mammary tissue. The procedure was the same as that previously described for β-casein, except that vimentin antibody (1:10,000 dilution) was used.
Statistical Analysis
Data on cell growth were analyzed by 1-way ANOVA and the Student-Newman-Keuls multiple comparison test (Assaad et al., 2014) . Probability values ≤ 0.05 were taken to indicate statistical significance.
RESULTS AND DISCUSSION
Established immortal MEC lines, such as bovine MAC-T cells (Huynh et al., 1991) , mouse HC11 cells (Ball et al., 1988) , and human MEC lines (Stampfer et al., 1981) , are commercially available for metabolic studies. The MAC-T cells are bovine MEC transfected with the simian virus-40 large T antigen and survive for over 350 serial passages in culture, whereas HC11 cells were isolated as a prolactin-responsive cell clone from the COMMA-1D mouse MEC line (Ball et al., 1988) . There are species differences in metabolism among cells, including MEC (Hernandez et al., 2009; Lei et al., 2012) . A stable nontransfected MEC line is preferred for nutritional and metabolic studies of milk synthesis, so as to mimic in vivo MEC in the lactating mammary gland more closely than immortal MEC transfected with viral genes (Hosseini et al., 2013) . Of note, Kumura et al. (2001) reported the isolation of primary PMEC from 6-mo-old gilts but did not develop a stable PMEC line. The availability of a stable PMEC line will provide a very useful model for research on mechanisms whereby metabolism, growth, differentiation, and milk synthesis in MEC are regulated by nutrients and hormones.
Isolation, Culture, and Characterization of Porcine Mammary Epithelial Cells
We successfully isolated PMEC from a 9-mo-old nonpregnant and nonlactating gilt using collagenase and cultured the cells in DMEM/F12 medium for at least 15 passages in a flat-bottom plate (Fig. 1) . The morphology of PMEC was similar between passages 3 and 15 (Supplemental Fig. S1 ; see the online version of the article at http://journalofanimalscience.org). These cells had a doubling time of about 24 h when grown in DMEM/F12 medium (Table 1) . They also displayed a monolayer, cobblestone, epithelial-like morphology and formed islands of monolayer aggregates (Fig. 1) , which are the typical characteristics of MEC (Hu et al., 2009; Huynh et al., 1991) . In addition, PMEC expressed cytokeratin-18, a specific marker of the epithelial cell lineage (Bartek et al., 1985; Hu et al., 2009) , as determined by immunocytochemistry (Fig. 2) . Vimentin, a specific marker for fibroblasts (Goodpaster et al., 2008) , was not detected in the PMEC (Fig. 2) . As a positive control, the vimentin protein was readily detected in porcine mammary tissue that contained fibroblasts (Supplemental Fig. S2 ; see the online version of the article at http://journalofanimalscience.org).
Cryopreservation of PMEC in 90% FBS and 10% DMSO helped to store these cells in liquid nitrogen for a prolonged period of time. The PMEC cells were viable after thawing and grew similarly to those without cryopreservation (Table 1) and produced β-casein protein (Supplemental Table S1 ; see the online version of the article at http://journalofanimalscience. org). Because of successful cryopreservation, there is no need to sacrifice another gilt to obtain PMEC. It should be borne in mind that our stable nonimmortalized PMEC line was derived from primary PMEC.
The β-casein gene is expressed only in MEC and is responsible for the production of the β-casein protein by the lactating mammary gland (Pantschenko et al., 2000) . Therefore, PMEC were evaluated for expression of its hallmark gene, β-casein. We found that these cells expressed the gene for β-casein (Fig. 3) . Porcine MEC cultured in the absence of prolactin did not synthesize or secrete the β-casein protein (Fig. 3) . As a positive control, this protein was readily detected in sow's milk (Fig. 3) . Similarly, α-lactalbumin expression, another marker of MEC, was detected in sow's milk and prolactin-treated PMEC (Fig. 4) . PMEC without prolactin treatment did not produce α-lactalbumin. Large amounts of proteins and other substances in sow's milk may slow down the movement of its β-casein on agarose gel in western blot analysis. This may explain why β-casein in sow's milk containing 20 or 40 μg of total protein did not migrate at the same pace as β-casein in the cultured PMEC shown (Fig. 3) . When the amount of total milk protein used for the western blotting was reduced from 40 to 5 and 10 μg, β-casein in sow's milk migrated at nearly the same pace as β-casein in the cultured PMEC (Supplemental Fig. S3 ; see the online version of the article at http://journalofanimalscience.org). 
Differentiation of Porcine Mammary Epithelial Cells in Response to Prolactin
The MEC of the lactating mammary gland synthesize large amounts of triglycerides (Manjarin et al., 2012) . Differentiated MEC have the same capability in culture, as indicated by the staining of neutral triglycerides and lipids by a lysochrome diazo dye Oil Red-O (Hu et al., 2009) . Therefore, to determine the ability of our PMEC to differentiate in response to prolactin, the cells were cultured in serum-free DMEM/F12 medium supplemented with or without prolactin. Large Oil Red-O-stained lipid droplets in PMEC appeared after a 3-d exposure to prolactin (Fig. 1) . The milk fat droplets in the cells are clearly indicated by the red staining. Additionally, in the presence of prolactin, PMEC synthesized β-casein ( Fig. 1 ) and α-lactalbumin (Fig. 4) in a dose-dependent manner, as reported for lactating mammary glands of mammals (Simpson et al., 1998; Shennan and Peaker, 2000) . These results indicate that our PMEC are highly responsive to physiological stimuli that induce synthesis of milk proteins such as β-casein and α-lactalbumin. Of note, PMEC at passage 15 were used for these experiments, and the cells maintained their cell morphology as well as their potential for differentiation and expression of β-casein mRNA and protein.
Conclusion
We established a stable nonimmortalized PMEC line for laboratory research. These cells had 2 basic characteristics of MEC: 1) expression of markers for the epithelial cell lineage and 2) responsiveness to prolactin for induction of differentiation and production of β-casein and α-lactalbumin. The PMEC maintained their cell morphology and the potential for differentiation after at least 15 passages in culture. Our PMEC line provides a useful tool for future studies of cellular and molecular mechanisms responsible for nutritional and hormonal regulation of lactation in sows. 
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